NACA RM 54G26

ir.':&-{t

EFFECTS OF RESIN COATING METEODS AND:OTHERVARIABLES
ey (LETARY, Nagh
ON PHYSICAL PROPERTIES OF GLASS-FABRIE' " =

REINFORCED POLYESTERS
By B. M. Axiirod, J. E. Wier, and J. Mandel

National Bureau of Standards

NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS

WASHINGTON
August 23, 1954




R

NACA RM 54G26 -34 A

NATTONAL ADVISORY COMMITTEE FOR AERONAUTICS
RESEARCH MEMORANDUM

EFFECTS OF RESTN COATING METEODS AND OTHER VARTABLES
ON PHYSICAL PROPERTIES OF GLASS-FABRIC
REINFORCED POLYESTERS

By B. M. Axilrod, J. E. Wier, and J. Mandel
SUMMARY

The effects of resin coating methods upon some physlcal.properties
of laminstes prepared with glass fabric, Fiberglas 181, and bonded with
two commercial polyester resins were investigated. The resins used
were Iaminac 4126 and Selectron 5005. Febric with finishes 111, 112,
and 114 was used in msking laminastes with the Laminac resin. Only
fabric with finish 11k was used in making leminates with the Selectron
resin. The resin coating methods used were (1) roller coating,

(2) application of a dilute solution of resin, (3) resin immersionm,
(4) epplication of monomeric styrene, and (5) vacuum impregnation.

Two curing conditions were used: (a) A normal high-temperature
short-time cure and (b) a moderate-temperature long-time cure. The
preparation of these laminates was carried out according to a statis-
tical design to minimize the influence of uncontrollasble variebles such
as aging of resin and batch of resin. The laminates were tested for
flexural strength, both dry and after 7 days' immersion in water; resin
content; specific gravity; and percentage of voids. Percentage loss of
strength due to water immersion was also calculated.

No consistent effects of coating methods on the strength of the
laminates bonded with Iaminac 4126 resin were observed. With Selec-
tron 5003, use of a dilute solution of resin produced laminates that
were lower in both dry and wet strength than laminates made by the
other methods. Some interaction between coating methods and temperature
of cure was observed with Taminac 4126 resin. For laminates made by
resin immersion and by vacuum impregnation the dry strengths were
essentially independent of cure temperature. Except for these instances,
the lower temperature produced laminates of higher strength than those
made at the higher temperature. The reverse temperature effect occurred
in laminates bonded with Selectron 5003. Iaminsc 4126 laminates made
of febric with finish 114 had higher wet strength and lower loss of
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strength due to immersion in water than laminates made of fabric with .
the other finishes.

INTRODUCTION

The steady increase In the use of glass-flber reinforced resins
in the alrcraft industry is ample evidence of the advantages this
material offers to the industry. The application of this materiasl in
alrcraft could be incressed even further if better quality control
and improvement of some of its properties could be attained.

The investigation described in this report 1s one of a series
undertaken to help achieve this goal. In these investigations an
attempt was made to isolate some of the variasbles in the laminating
process which affect the physical properties and the uniformity of
glass-fabric reinforced polyester plastics. Previous phases of this
program included studies of the effects on the propertles of this
material of such production variables as molding conditions (ref. 1),
fabric finishes (ref. 2), and relative humidity of the amblent atmos-
phere during fabrication (ref: 3).

In the phase of the investigation described in this report, the
effects of resin coating techniques on the physical properties of
glass-fabric polyester laminate were studied. These resin coating
techniques were based on two fundamental sspects of adhesion:

(1) Increasing the wettability of the adherend by the adhesive and

(2) eliminstion of impurities from both adherend and adhesive. Some
conslderation was also given to the possible effects of the difference
in the thermal coefficlents of expansion between the glass fabric and
the resin. This was done by molding the laminates at two different
temperatures. Glass fabriec with different surface finishes as. well

as without finish was used to determine the effects of surface treatment.

The assistance of Mrs. Dorothy C. Pons with the laboratory tests
and the calculation of the data is gratefully acknowledged.

The investigation described in this report was sponsored and
supported financially by the National Advisory Committee for Aeronautics.

MATERTALS

The glass fabric selected for this investigation was Fiberglas 181
with finishes 11k, 111, end 1312.
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Finish 114 is a solution of methaerylato-chromic chloride. It
was chosen on the basis of the manufacturer's recommendation and on
the basis of previocus work done in this laboratory which Indicated
that laminates made with this finish had high flexural strengths both
wet and dry.

Finish 111 was chosen on the basis of the results obtained in
the same investigation, which showed that this finlsh produces lami-
nates of high dry strength but low wet strength.

Fabric with finish 112 was chosen as the control since it is a
heat-cleaned fabric, that is, one without any finish. Tt was included
to determine the effect of the resin coating technigues on uncoated
glass surfaces.

The resins selected for this work were Laminac 4126 and Selec-
tron 5003. These were chosen as being typical commercial unsaturated
polyester resins. The catalyst was benzoyl peroxide, Iuperco ATC, in
paste form. This paste catalyst consists of 50 percent benzoyl per-
oxide in tricresyl phosphate. The cellophane used as a release agent
was Sylphrap No. 600 P-1-L.

DEFINITIONS

The following terms are used in this report in accordance with
the indicated definitions:

Flexural strength.- The flexural strength S in pounds per square
inch for a simple beam of rectangular cross section subjected to & con-
centrated load at midspan, is calculated as follows:

=2 L
2 pg2
where
P meximum load, 1b
L span or distance between supports, in.
b width of beam, in.
d depth of beam, Iin.
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Resin content.- The resin content is the amount by weight of
regin, obtained from weight differences between burned and unburned
specimens of the laminste, expressed in percent.

Percentage of voids.- The percentsge of voids is the volume of
voids V, 1in a specimen, expressed in percent of the measured

volume Vg of the specimen as follows:
Vs - Vs'

where
Vg volume of specimen obtained by weighing in water and ailr
V_ ! volume of specimen caliculated on assumptlion of no voids

and using messured welght of resin and of glass fabric
in specimen and known values of density of glass and
resin

EXPERIMENTAIL PROCEDURES

Fabrication of Laminate

The laminates were molded between plate-glass platens, 6 by 6 by
l/h inch. The platens were preheated to the molding temperature
before use in the molding operations. The molding pressure was 0.7 psi
and was obtained by the use of dead welghts. The laminates were cured
In two ovens, each of which was kept at a different temperature. The
laminates bonded with Leminac 4126 resin were cured at two different
conditions, namely, 160° F for 48 hours and 235° F for 2 hours. Those
bonded with Selectron 5003 resin were also cured at two different
conditions, namely, 105° F for 24 hours and 235° F for 1 hour.

The laminates bonded with Laminsc 4126 resin were molded in sets
of 30 panels, representing one panel for each combination of fabrie
with the three finishes, two molding conditions, and five resin coating
methods. The order of fabricetion within each set was randomized.
Triplicaete sets of 30 panels were prepared, making a total of 90.

Laminates bonded with Selectron 5003 were made only of fabric with
finish 114. A set included one laminate molded at each condition with
application of the resin by each of the coating methods. Two sets of
10 panels each were made with Selectron 5003 resin. The fabrics were
coated with the resins in a controlled-humidity chamber, approximately
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6 by 2% by 2 feet. The front of the chanber was equipped with a

sliding door with the two armholes, to which were attached some flexible
vinyl-plastic sleeves to serve as a molsture barrier. The flexibility
of the sleeves allowed the operator sufficient freedom of movement to
perform the necessary operations. Rubber gloves were worn by the
operator to prevent the gatmosphere in the laminating chamber from
picking up moisture from his hands and arms.

Low relative humidity, 4 to 10 percent, was maintained in the
chamber by recirculating the alr over trays of silica gel. The silica
gel was changed at least once every 8 hours of operation. After several
hours of exposure to resin wvapors, the silica gel lost a considerable
amount of its desiccating efficiency. The efficiency of the silica gel
could not be restored by heating.

The laminates were made from pieces of the fabric 6.5 inches square.
To keep the fibers of the fabric from unraveling during the resin coating
process, the edges of each ply of fabric were coated with starch. Prior
to gpplication of resin by any of the five coating methods, the fabric
was conditioned for a period of at least T days over silica gel.

The resins, Laminac 4126 and Selectron 5003, were mixed with
2 percent of the catalyst iIn batches of about 300 grams. The mixture
of resin and catalyst was stirred with & spatula for 10 minutes before
use. -

Resin Coating Methods
Five methods of resin coating were employed in this investigation.

Method 1.- Method 1, in which the resin was applied to the pileces
of fabric by means of hand-operated squeeze rolls, was selected since
it is a technique commonly used in commercial practice. Each piece of
fabric was run between the rolls, which were coated with the liquid
resin solution, as many times as were required for the piece to lose
1ts opacity. Uniform translucency of the fabric was conslidered to be
the criterion of sufficient impregnation.

‘The panel assembly was accomplished by pouring a small amount of
resin on a flat piece of cellophane and superilmposing seven squares of
resin-coated fabric on each other over this resin area. A small amount
of additional resin was applied to each succesglve ply as it was added
to the assembly. Another plece of cellophene was placed over the top
of the assembly. Air pockets were eliminated by pressing a spatula
over the surface of the cellophane. This entire procedure was carried
out in the controlled-humidity chamber. Complete assembly of a panel
was accomplished in about 10 minutes.
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After taking the cellophane-wrapped assembly out of this chamber,
the ends of the cellophane sheets, which extended beyond the limits of
the laminate, were folded over and held in place with paper clips. The
lay-up was placed between preheated glass plates, pressure applied, and
the assembly placed in & circulsating air oven.

Method 2.-.The pleces of fabric were coated with resin in two
stages in method 2. This technique was adopted to determine the effect
of reducing the viscosity of the resin. A lower viscosity would increase
the rate of wetting of the surface of the glass fibers and also the flow
of resin solution into the interior of each multifilament glass thread.
This might result in & more intimate and uniform resin-to-glass contact.

The resin solution was diluted with an equal volume of ethyl
acetate and the individual pieces of fabric were immersed in the resin-
solvent mixture for 10 seconds. The weét fabric was oven dried in a
susnended position for l/2 hour at 80° C, removed from the drying rack,
and placed in the controlled-humidity chamber for at least 15 minutes.
An sdditional coat of resin was applied by repeating this procedure,
except that the resin solution was not diluted with ethyl scetate. The
final resin-coated fabric was flexible and slightly tacky. The coated
layers of fabric were assembled at 5- to lO-percent relative humidity.
Assembly and molding of the laminates was accomplished in the same
manner as for the laminates made by method 1.

Method 3.- Method 3, which involved an extended period of irmersion,
was selected to allow for the elimination of air by gravitational force
rather than by squeeze rolls which tend to damage the fibers and to
distort their orientation.

Seven plies of fabric were stacked together, and the stack was
Placed in a bath of the liquid resin. The fabric was kept ilmmersed
in the resin solution for 24 hours in the case of the Laminac resin,
and for 3 hours in the case of the Selectron resin. After completion
of the immersion period, the resin-coated stacks of fabric were placed
between two pieces of cellophane, pressure wes applied, and the assembly
was placed in the oven to cure. It was found that the time of irmmersion
wag sufficient to allow all visible air pockets to be eliminated and
hence further elimination of air with a spatuls was unnecessary.

Method k.- Method 4, which consisted of dipping the pieces of
fabric in styrene before applying the resin, was selected because
qualitative observations in previous investigations indicated that
monomeric styrene wets glass very reaedily. Since styrene 1s also one
of the components of the resins used, 1t seemed reasonable that this
procedure might produce a resin-styrene combination with better
adhesion between the resin end the glass and thus would result in the
production of higher strength laminstes.
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The pieces of fabric were placed in the controlled-humidity
chamber in which the relative humidilty was &bout 5 percent. Each
plece of febric was first dipped iInto a bath of styrene monomer for
10 seconds and then was held in the dry air for an additional
10 seconds to allow the excess styrene to drip off. As each pilece of
fabric was superimposed on the preceding one, an excess quantity of
resin was poured over it. When the lay-up of seven plies was completed,
it was wrapped in cellophane, pressure gpplied, and the assenbly placed
in the oven to cure.

Method 5.~ In method 5 the fabric was coated with resin in an
evacuated chamber to eliminate any adsorbed air and other impurities
from the surface of the fibers. Partial deaeration of the resin
resulted when the resin was introduced into the system while the
pressure was low.

The pieces of fabric were placed in a desicecator, the latter was
evacuated to a pressure of 0.1 millimeter of mercury which was main-
tained for 3 hours. A separatory fumnel was attached to the top of
the desicecator through a rubber stopper. After 3 hours of evacuating,
the vacuum pump was shut off and the resin solutlion, which had been
poured into the separatory funnel, was allowed to flow over and
completely cover the febric within the desliccator. The fabric was
allowed to remain immersed in the resin for 10 minutes before it was
withdrawn from the desiccator. The lasy-up was assenmbled between two
pileces of cellophane, pressure applied, and the assembly placed in
the oven to cure.

Methods of Test

Eight flexural specimens, 1/2 inch wide and 3 inches long, were
cut from each panel. The speclmens were machined by dry grinding to
a width of 0.500 t 0.001 inch. Four of these specimens from each
panel were conditioned for at least 7 days at T7° F and 50-percent
relative humidity before testing. The other four specimens from each
panel were immersed in water at T7° F for T days and were tested
immediately upon removal from the water. The flexural strength was
%etermi?ed according to Method 1031 of Federal Specification L-P-406b

ref. 4).

Specific gravity was determined by the displacement of water
technique according to Method 5011 of Federal Specification L-P-406b
with four specimens cut from each panel. Resin content was determined
by loss upon ignition at 900° F for 1.5 hours with four specimens cut
from each panel. A correctlon was used in the calculations for the
loss of flber sizing due to ignition. This correction, in percent of
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the weight of the glass, was 0.6, O, and 0.3 for finishes 111, 112,
and 114, respectively.

The volume of voids was calculated from the density end the resin
content of the specimens. The densities used in meking these calcu-
lations were as follows:

Gless, g/cm5 e e e e e e e e e e e e e e e e e e e e e e e . 257
Laminac resin 4126, g/emd . . . . . . . . i i 4 e 4 4 w4 ... 115
Selectron resin 5003, g/cmd . . « = ¢ v 4 4 4 4 4 4 4 4 . .. . Ll22

The densities of the resins were determined experimentelly on
castings of these resins.

The density of the glass was obtained from Owens-Corning Filberglas
Standards PR6°Al-Section II, November 15, 1950.

STATTSTICAT, ANALYSIS

The data were analyzed statistically to isolate and evaluate the
effects of resiln coating methods, temperature of cure, and fabric
finish. Details regarding the design of the experiment and the analyeils
of the data are given in the appendix. The discusselon in the following
sectlion 1s based on this analysis.

RESULTS AND DISCUSSION

Taminac 4126

The results of the flexural-strength tests on the laminstes made
with Laminac 4126 are presented in table I. The specific gravities,
reein contents, and volumes of the volds of the laminates are reported
in table IT.

Statistical analysis showed no consistent effect of the method of
applying the resin to the fabric on the dry flexural strength of the
laminates. Both the wet strength of the leminates and the change in
strength as a result of water immersion are independent of coating
method.

Within groups of laminates made of fabric with the same finish
and molded at the same temperatures, there are no significant differ-
ences In the specific gravities of the laminates made from febrics
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coated by the various techniques. No consistent effect of resin
coating methods on the resin content of the laminates is observed,
except that method 2 produced laminates of slightly but significantly
higher resin content. This could be expected since in this method the
resin was applied in two coats.

The celculated volds content is lowest in laminates mede with
fdbrigs coated by method 2 In which a dilute solution of resin was
initially applied to the fabrie. Although the wvoids content of these
laminaetes is calculated to be less than zero, visual inspection of
these laminstes showed that numerous voids were present. Negative
volds contents were also calculated for four other groups of laminates,
all of which were molded at the lower temperature. The reason for
obtaining these negative values is that the method used in the deter-
mination of this property is based on the specific gravity of a cured
block of the resin which is not necessarily the value for the resin
in the laminate. Some styrene is lost during the resin coating process
and during the long curing process, 48 hours at a temperature of 160° F.
This loss of styrene was particularly large in lamingtes made with fabric
which hed been coated with resin by method 2. Since styrene is the
low-density component of the cured resin, a decreasse in the styrene
content of the resin will result in a resin of higher density than that
of the cured block of unfilled resin. This is in Iine with the cbser-
vation that, within groups of laminates made of fabric with the same
finish and molded at the same temperature, the highest calculated
volume of volds ususlly occurred in laminates made by the initial
coating of the fabriec with additional styrene.

In view of the unknown blas inherent in the calculstion of wvoids
content, as indicated in the preceding paresgraph, it is not possible
to draw inferences from such data regarding the true effect of resin
coating methods on the voids content of the lsminates. However, valid
comparisons can be made on the basis of these data with regard to the
effect of other factors provided that the coating method is unchanged.

Considerable interaction was 1in evidence between tempersture of
cure and resin coating methods. For resin coating methods 1 and 2 the
lower cure temperature produced laminates of significently higher dry
strength than did the higher cure temperabture; for method 4 an effect
in the same direction, but smaller, 1s observed. For resin coating
methods 3 and 5 there was no effect of temperature of cure on the dry
strength. Tt may be that, when high-temperasture cures result in lower
strength laminates, 1t 1s partly because of the expansion of adsorbed
moisture and air on the glass flbers during the bonding process.

When most of the alr and molsture are removed from the glass fibers
and the resin, sound laminates with low voids content are produced
regardless of temperature of cure for temperatures of 160° to 235 F.
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This was partially borne out in an investigation by this laboratory of
the effects of relative humldity during fabrication on the strength of
laminates (ref. 3); in this work the resin used was also Laminac 4126.
It was shown that an increase in the humidity dwring fabrication
decreases the strength of laminates molded at & temperature of 220° F
or higher. It wes &slso shown that, even at low relative humidities,
laminates molded at 160° F were slightly but significantly higher in
dry strength than were the laminates molded at 200° and 250° F.

It might be inferred from the latter that the difference in
strength was due solely to the stresses resulting from the difference
between the thermsl coefficients of expansion of the glass and the
regin. The data in table I, however, show that the dry strengths of
laminates mede with fabric vacuum impregneted with resin were not
affected by molding temperature. This indicates that, in the investi-
gation of the effects of humidity, the lower strength of laminates
molded at the higher temperatures mey be attributed partly to the
expansion of the ailr and moisture adsorbed on the glass and the adsorbed
alr in the resin, and partly to differential expansion of the glass and
the resin (ref. 5).

This evidence suggests that, if the relative humidity were not kept
low in all of the resin coating methods, then the laminates made with
fabric that had been coated with resin by the vacuum technique would
have a significantly higher strength than laminates made by some of the
other resin coating methods.

Wet strengths are significently higher for all laminates molded at
the lower tempersature than for similarly fabricated laminates molded at
the higher temperature; moreover, the difference due to temperature is
about the same for all fabric finishes. The loss of strength caused by
water immersion was significantly lower for laminates molded at the
lower temperature when made of febric with finishes 111 end 112; a
possible exception to thils exists for laminates prepared by resin
coating method 2 for which the loss of strength appears to be about
the same for the two molding temperatures. The loss of strength of
laminates made of fabric with finish 114 and molded at the two temper-
atures was essentially the same.

Ho statistically significant differences are in evidence between
the specific gravities of the laminates cured at the different temper-
atures. In most cases the laminates cured at the lower temperature had
s8lightly higher resin contents than those cured at the higher temper-
ature. Statistically, the evidence 1s not conclusive.

The laminates cured at the lower temperature generally had lower
calculated volds contents than those cured at the higher tempersture.
While some of thils effect may be due to the change in the density of
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the resin due to loss of styrene, other explanations need consideration.
The difference in the volds content of laminates cured at the two
temperatures end mede of febric that was resin coated by methods 3 and
5 is smaller than the difference in the voids content of the leminstes
cured at the two temperatures and resin coated by method 1. In method 3
considersble alr 1s allowed to escape from the pack of coated fabric
because of the length of time allawed for the air to come to the surface
before the resin is cured. In method 5 most of the alr is removed by
the vacuum. In resin coating method 1 large amounts of air are mechan-
ically trapped in the laminate. It might be expected that laminates
coated by method 1, owing to the additional expansion of the trapped
air at the higher cure temperature, would show a larger difference in
voids content for the two cure temperatures then would laminates pre-
pared by methods 3 and 5. There 1s some indication in the data to
support this interpretation, but the evidence is not coneclusive.

The dry strengths were significantly different for the three
fgbric finishes and were as follows in decreasing order of strength:
finish 111, 114, and 112. Iaminates made of fabric with finish 114
had signdficantly higher wet strength than did laminates made of fabric
with finishes 111 and 112. The effect of fabric finish on percentage
loss of strength due to water immersion is considersble and increases
in the following order: finish 114, 112, and 111.

Iaminates made of fabric with finish 112 hed the highest specifie
gravity; laminstes made of febric with finish 111 were lower in spe-~
cific gravity; eand lsminates made of fabric with finish 11k had the
lowest specific gravity. The differences in the specific gravities of
the laminates made of fabric with the different finishes were generally
small but statistically signiflcant when considered in groups.

The average resin content of laminates made of fabriec with
finish 114 was 45.3 percent; of laminates made of fabric with finish 112,
41.8 percent; and of laminates made of fabric with finish 111, 43.6 per-
cent. The differences in the resin content of these groups of lamlnates
were statistically highly slgnificant. It may be noted that an inverse
correlation exists between the average resin content for a fabrle finish
and the corresponding average specific gravity.

The voids content of the laminates made of febric with finish 112
was the lowest, while that of laminates made of febric finish 111 was
the highest.

Selectron 5003

The results of the flexural-strength tests on the laminates made
with Selectron 5005 are presented in table ITT. The specific gravities,
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resin contents, and volumes of the voids of the laminates are reported
in table IV.

Both the dry strength and the wet strength of laminates prepared
by resin coating method 2 are significantly lower than corresponding
values obtained on laminates made by the other methods. Methods 1 and
5 tend to yleld laminates of higher dry strength than do the other
methods, but they do not show the same effect for wet strength. There
were no consistent effects of coating method on loss of strength upon
immersion in water.

No significent effect of resin coating method on the specifiec
gravity i1s evident.

The resin content of the group of laminates made from febrics that
were coated with resin by method 2 and cured at the lower temperature
was significantly different from that of the other groups of laminates.
This group of leminates had the highest resin content, 51.8 percent,
which is @bout 3 percent more than that of the other laminates.

As indicated in the discussion on laminates bonded with the
Laminac resin, the volds calculations are biased since, in these resin
coating methods, the styrene content of the copolymer resin was changed.
Accordingly, no statlistical anelysig was made of the volds data.

The effect of temperature of cure on the strength was about the
reverse of the effect observed in the laminates bonded with the Laminac
regin. TFor both dry and wet strengths, laminates cured at the higher
temperature showed significantly higher values than those molded at the
lower temperature in all cases. There was some evidence that the
percentage loss of strength upon water immersion was higher for laminates
cured at low tempersture as compared with those cured at the high
temperature.

There is no difference in the specific gravities and resin contents
of the laminates molded at the two temperatures with the exception
mentioned above for laminstes made by coating method 2.

CONCLUSIONS

From this Investigation of the influence of some resin coating
methods and other variables on the properties of glass-fabric laminstes
bonded with unsaturated polyester resins, the following conclusions may
be drawn:
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1. There is no comsistent effect of resin coating method on the
flexural-strength properties of lsminates bonded with the Laminac resin.
For laminates bonded with the Selectron resin both the dry and the wet
strengths obtained with method 2 (use of a dilute solution of resin)
were significantly lower than values obtained by the other methods.

2. There is considerable interasction between the resin coating
methods and the temperatures of cure in laminates bonded with
Leminsc 4126. In resin immersion and vacuum impregnation the dry
strengths of laminates cured at the two temperatures are essentially
the same; for the other coating methods laminates molded at the lower
temperature have greater dry strength than do those molded at the
higher temperature.

3, For the laminates bonded with Laminac 4126 resin at the lower
temperature the wet flexural strength 1s consistently higher than for
laminates cured at the higher temperature, irrespective of resin
coating method.

L. With Selectron 5003 resin the dry and the wet strengths were
higher for laminates molded et higher temperature than for those
molded at the lower temperature.

5. For laminates bonded with Laminac 4126 resin the strength
properties were affected by fabric finish. TIn order of increasing
velue they were as follows: dry strength, 111, 11k, and 112; wet
strength, 111, 112, and 11h; and percentage loss of strength, 11k,
112, and 111. ' :

National Bureau of Standards,
Washington, D. C., June 19, 1953.
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APPENDIX
STATISTICAL, DESIGN AND ANALYSIS

Deslgn of experimental program.- The main objective of the study
was a comparlson of flve resin coating methods. In order to obtain
results of more general velidity, two further factors were introduced:
fabric finish and method of cure. Three fabric finishes were included
and two methods of cure, namely, a low-temperature slow cure and a
high-temperature rapld cure. This three-factor study was made with
one resin brand, Laminac L126. In addition, a more limited experiment
was made using a different brend of resin, Selectron 5003, of the same
type and including as factors all the above variables except fabric
finish.

In order to eliminate biases, the following steps were tazken:

(1) The glass fabric used in both experiments was the same, and
the pieces of fabric required. for the fabrication of the various panels
in both experiments were randomized before assembly of the panels.

{(2) Resin of the type used here is subject to aging in a matter
of months, the duration of the study. Accordingly, the preparation
of the panels bonded with Laminac resin was carried out in three
successive series, such that each series included one panel for each
combination of the three factors, coating method, fabric finish, and
method of cure. With the Selectron resin, only two series of panels
were made.

(3) The order of febrication of the panels within each series was
randomized, and so was the order of testing.

(4) On each pesnel measurements of each property were made on four
specimens for the flexursel properties and on eight specimens for the
other properties.

Method of analysis.- Analyses of variance were made for each
property in order to determine:

(a) Specimen-to-specimen varisbility within a panel
(b) Panel-to-panel variability for each factor combination
(c) Effect of various factors and thelr interactions
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A preliminary analysis, shown below, was made for the dry-flexural-
strength data with the Laminac resin laminates to determine whether
there was a series-to-series variability:

Source of Degrees of Mean square,
variability freedom (103 1v/1n.2)?
Treatment (T) 29 35.1
Series (S) 2 15.0
SX T | 58 11.8
Total 89

The analysis, based on panel averages, shows no such varisbility.
Accordingly, all subsequent analyses of the Laminac laminate data were -
made ignoring series-to-series variability. Teble V contains & summary
of the analyses made on these data.

The Selectron laminate data showed a significant difference
between the results obtained for scme properties in the two serles.
The analyses made on the Selectron laminate data are summarized in
table VI.

: After obtalning the analysis of varlance for each property, the
individusl data were examined to detect the particular combinations

of factors which gave rise to significant main effects or interactions.
The statements made in the paper regarding such effects are the result
of this detailed study of the datsa.
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[Values reported are averages cbtained with 12 specimens taken equally from triplicate
panels molded at each combination of variables|

TABLE .~ FLEXURAT~JTRENGTH PROPERTIES OF (LASS-FABRIC LAMINATES BONDED WITH LAMIRAC L126 RESTN

Fabric £inish
Resin 1 e
:aﬂﬁ Cure conditicoP Cure condition® Cure conditiond
A~ Lw B - High A - Low B -~ High A - Tow B -~ High
temperatimre temparature temperature temperature temparatura ‘temperature

Flexural gtrength, dry, pei
1 46,700 he,600 Wz, 700 40,500 16,00 h1,k00
2 200 36,400 37,700 53,& W, oo 39,500
] 4y 200 43,200 40,200 ko, h7,800 13,800
4 47,800 16,900 33,700 36,300 k2,700 9,800
5 45,400 L7,100 500 40,200 k4, koo 3,500

Flexural strength, wet, psi
1 25,600 21,500 27,700 21,000 36,900 31,100
2 235,300 20,700 22,500 19,400 36,800 4,000
3 23,300 19,900 £9,200 21,500 38,200 33,800
b 23,800 19,300 23,700 18,500 34,600 30,700
5 26,300 20,100 26,300 21,400 35,300 32,800

Losg of flexural atrength due to water immersicn, percent

1 k5 30 e L8 20 a5
2 L7 43 Lo 41 17 i)}
3 Ly 29 27 b7 20 2
4 50 59 54 L9 19 23
b Le 7 35 b7 2 24

8Resin coating methods are as follows:

imwersion, (4) styrens coating, and (5) vacum impregnation. For more detailed deseription, refer to text.
e conditiong ara ag follows:

(1) Roller coating, (8) spplication of dilute solution of resin, (3) resin

(A) 160° F for 48 br; (B) 235° ¥ for 2 hr.

geoHs WY VOVN

LT



TABLE ITI.- SPECIFIC GRAVITY AND RELATED PROPERTIES OF GLASS-FAERIC IAMINATES BONDED WITH LAMINAC 4126 RESIN

E?’B,lnea reported are aversges oblained with 12 specimens taken equally from triplicate
panels molded at each combination of verisbles|

Falpic finish
Resin ne
:ﬁ.ﬂﬁﬁ Cure conddtiond Cure conditiomb Cure conditicgd
A - Iow B - Hgh A - Low B -~ Hgh A - Low B - High
‘Sampens ture temperature tamperature Serpers ture teamperature temperature
Specific gravity
1 1.65 1.63 1.70 1.67 1.84 1.64
2 1.66 1.62 1.68 1.66 1.63 1.6%
3 1.64 1.66 1.69 1.68 1.64 1.6%
L 1.65 1.65 1.69 1.69 1.63 1.62
5 1.65 1.65 1.68 1.69 1.65 1.62
Resin cqntent, parcent by weight
1 4%.8 4o,5 .6 ho.k 5.1 ¥3.0
2 kh.2 6.6 3,1 =7 1.1 k6.2
3 43,5 o.1 k.5 - N Ls.h b5.5
N 43.6 z.2 ko.5 40.h Ls.% .0
5 .5 3.7 h2.2 1L Ls.7 45.8
Voids content, percent by volume
ki 0.42 2.kg -0.37 0.49 -0.05 177
2 --59 -.-55 -1-05 "-25 —-al' "-36
3 1.03 .03 - .18 .12 .51
y .81 1.97 .32 1.51 3T 1.90
5 .36 .29 ~.06 15 22 .60

BResin coating methods are as followa:

(1) Roller costing, (2) applicetion of dilute solution of reain, (3) rasin

immersion, (4) styrene coating, and (5) vecwm impregnation. Feor more detailed description, refer to text.

PCure conditions are as follows:

(A) 1600 ¥ for 48 mr; (B) 235° F for 2 hr.

92DHS WH VOVN
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TABLE IIY.- FLEXURAL-STRENGTH PROPERTIES OF GLASS-FABRIC LAMTINATES
BONDED WITH SELECTRON 5003 RESIN
[Va.lues reported are averages obtained with-eight specimens taken

equally from duplicste panels molded at each combination of
variables. Finish on glass fabric was llln-:]

Resin Cure conditionP
coating
method® A - Low temperature B -~ High temperature
Flexural strength, dry, psi
1 46,100 51,200
2 ko, 800 46,200
3 45,200 47,600
4 42,100 k9,k00
5 46,000 51,400
Flexural strength, wet, psi
1 35,800 41,100
2 29,700 38,100
3 36,400 40,200
y 33,800 k2,500
5 36,200 40,800
Ioss of flexural strength due to
water immersion, percent
1 22.3 19.7
2 27.2 17.8
3 19.9. 5.4
4 19.6 15.9
5 21.6 20.6

8Resin coating methods are as follows: (1) Roller costing,
(2) application of dilute solution of resin, (3) resin immersion,
(4) styrene coating, and (5) vacuum impregrla.tion For more detalled
description, refer to text.

boure cycles were as follows: (A) 105° F for 2k hr; (B) 235° F
for 1 hr.
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TABLE. IV.- SPECIFIC GRAVITY AND RELATED PROPERTIES OF GLASS-FABRIC
LAMTNATES BONDED WITH SELECTRON 5003 RESIN
Emalues_reported are averages cbtained with eight specimens taken

equally from duplicste panels molded at each combination of
variebles. Finish on glass fabric was 114]

Resin Cure conditionP

coating

method® A - Tow tempersture B - High temperature

Specific gravity
1 1.68 1.68
2 1.64 1.68
3 1.66 1.66
L 1.66 1.66
5 1.66 1.66
Resin content, percent by weight
1 yT.5 k7.2
2 51.8 ' Lk7.9
3 8.1 . 48.6
4 46.9 46.3
5 48.3 48.4
Voids content, percent by volume

1 o] 0.24
2 -1.20 ~.h41
3 .02 -.21
4 1.69 1.87
5 .02 .15

8Resin coating methods are as follows: (1)} Roller coating,
(2) application of dilute solution of resin, (3) resin immersion,
(4) styrene coating, and (5) vecuum impregnation. For more detailed
description, refer to text. : '

PCure cycles were as follows: (A) 105° F for 2k hr; (B) 235° F
for 1 hr. '



TABIE V.~ AFALYSES OF VARTARCE OF DATA ON LAMINATES BONDED WITE LAMINAC L4126 RRSTN

fouree of | oet oy,

M it A T o O GRS ey e g v e
Speciman within (a) 2.5 0.9 (v) 0.5 0.0001 0.04

paneld
Pznel-to-panel 60 435.8 21.9 28, 16.6 L0041 1.9
......... IR I AR (SRR ISR NI D
Coating method (M) L 103, 2. 32, 156. L0003 | b6.3
¥abrie finich (F) 2 1,0%3. L, 247, 6,078. Tk A7k | 50.0
Cure (C) 1 528, 2,161. 1,151, 4. .0008 | 98.0
Mx P 8 55. 17. 3, T 0089 | 3.1
Mxc b 90. 9. 81. L&, L0005 |- _9.a
FXC 2 16. L, 250. 1. 0006 | .9
MXPXC 8 30, 10. 9. 9. 0085 [ 3.4

8270 EL rlmmr]t,yag:nghhi d;wim wut,lamd. 630 for resin content, specific gravity, and percent void.
bror prope: yaria B a panal averags.

929HC WY VOVH
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TABLE VI.- ARATYSES OF VARIAKCE OF DATA ON SELECTRON S500% LAMINATES

Mean aquare
Source of D"gf.ge“
verleblltY | freedom| Flexural strength, | Flexural strength, |Loss of strength,|Resin content,|specific
dry, (103 1b/sq in.2|vet, (105 Ib/sq in.)2 (percent)? (percent)2 . |gravity
Specimen within (a) Lk 0.9 (v) (e) (<)
panels
Panel-to-panel 9 10. 35. 17. 0.6 0.000L
Series-to-series 1 195. 128, .1 1.1 0002
Coating method (M) Lk .- 63, 2h. 5.9 0002
Cure (C) 1 530. T65. 107. %.6 .0001
MxC L 12. 20. 10. 3.2 . 0003

%60 for flexural strength, dry and wet, and 140 for resin cantent and specific gravity.
bFor this property the variate is a panel average.
Kot caleulated.

OBPHS WY VOVN.



I II'H




